7^ 




Europaisches Patentamt 
European Pat nt Office 
Office europeen des brevets 



© Publication number: 



0 386 757 

A2 



EUROPEAN PATENT APPLICATION 



© Application number: 90104441.2 
© Date of filing: 08.03.90 



© Int. C!. 5 : C08G 79/04 



© Priority: 09.03.89 US 321360 

© Date of publication of application: 
12.09.90 Bulletin 90/37 

© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT U LU NL SE 



© Applicant: THE JOHNS HOPKINS UNIVERSITY, 
SCHOOL OF MEDICINE, (a Maryland 
Corpo ra ti° n > 
720 Rutland Avenue 
Baltimore, Maryland(US) 

© Inventor: Leong, Kam W. 
8525 E. Heathrow Court 
Perry Hall, Maryland(US) 



© Representative: Vossius & Partner 
Siebertstrasse 4 P.O. Box 86 07 67 
D-8000 MUnchen 86(DE) 



© Biodegradable poly (phosphate esters). 

© The invention relates to poly (phosphate esters), compositions comprising the polyphosphate esters), and 
methods of use. 



CV3 
< 

in 

CO 
CO 

CO 



LLi 



Xerox Copy Centre 



BNSDOCID: <EP 0388757A2_I_> 



•;a * EP « 386 757 A2 



BIODEGRADABLE POLYPHOSPHATE ESTERSi ?Ci jr ?G ° ; 



v c 



^ : The. present invention' relates to polyphosphate estersy^nd methods ofiusing;;th^sejpdlymers. 
: V;. : Many polymeric materials have been vised as components of! <3evrcesjbr diagnosis ^/I'thbrapy. and they 
have made a significant impact on the clinicaJ success of impl^t : tedihblogy. These" 5 materials hav been 
used as, for 'ekamplei Orthopedic devices; ventricular shunfe, drug-carriers, cbhtact b iehs\ heart valves, 
s sutures^ and burn dressings. Thesis polymers can be nori-biodegradable or bibdegradE≤ ^ >£r: ; 
./*" ! In traditional drug delivery? it has long been recognised that tablets, capsules, and irijectiohVmay not be 
the best mode of administration. These conventibrial routes often invoive^frequent and repeated* 5 doses, 
\ 'resulting in a "peak and valley" pattern bf 'therapeutic agent concentration. r Since each therapeutic agent 
has a therapeutic range above which it is toxic and below, which it is ineffective, a fluctuating-' therapeutic 
to agent concentration may cause alternating periods of ineffectiveness and toxicity. For this reason, controlled 
"release provides V way of maintaining* the tfierapeiitic agent levei ; within the ^desired therapeutic range for 
the duration' of Watmeht.' ; Using a p6iymerid ; carrier is one effective 'means t6-dbliver the therapeutic agent 
' ' locally ^ahd in a"contrblled : fashion (Langer, et al.^ Rev. Macro.- Chenil Phys.y C53(1), 61, 1983)PAs a result of 

less total drug required, systemic side effects can be rninirriizedT T - - ■ v:p,nK 

7$ ^Pbiymers'h'ave^ used as carriers 'of the therapeutic agents to ~eff§&% : localised and sustained- 
" release (Controlled Dru^Delivery , Vol. e l and 111 Brucfc/ S.tf: (ed.)? ORG ''Press! Boca Raton; FL> '1 983; Novel 
Drug Delivery Systems , Chien, Y.W., Marbel Dekker; Nbw York. 1982). These therapeutic agent delivery 
systems simulate infusion and* dffer the £6tentiai of enhanced therapeutic ^efficacy andTreduced systemic 
;! toxicity.; * ' ? - J ' " ri -'>' ^■•v-.^vj. / .:. .^iL:^ ■ * 

c io . For a 'non-biodegradable matrix, the steps leading to release of the therapeutic agent are water diffusion 
into the rriatrix, dissolution of the therapeutic agent, and but-diffusibn of the - therapeutic' agent through the 
channels of the matrix. As a consequence, the mean residence time of the therapeutic agent existing in th 
^ soluble state is longer for a non-biodegradable matrix than for a biodegradable matrix where a long passage 
' 'ttiVough the channels is no* longer required. Since many pharmaceuticals have short haff-fives if is likely that 
25 the therapeutic agent is decomposed "or inactivated inside the non-biodegradable matrfx before it can be 
released. This issue is particularly significant for many bio-m'acromolecules andsmaller polypeptides, since 
these molecules are generally unstable in buffer ariti^ihave I6w : permeability through polymers? c ln fact, in a 
' ^ precipitate, clogging the channels 

' necessary' for diffusion out of the carribr matiik; Thisrprobiern is iargbly alleviated by^sing a blbdegradable 
'30 matrix which allows controlled felea^of the-ther^peutic'ageht.' 'sne.e. >; \i 

BVodeyradable bolymers^ differ 'from non-bibdegracfa^ they are' c consumed or biodeg* 

raded during therapy; This ^suaiiy involves breakdown *bf°tne'^ subunits, which 

r \ sh^|d be' bibOT^ life a bfa^^ vivo depends 

_! pn 'i'ts molecular 5 wcj Mfegiree of xross-linkin^; the''gre&f v tM r '^ of 

^ ?4.!. cr ^ most highly investig^^ polylactic acid 

r j^V*^ P^^^^,^^^^* copolymers °* TQA/pofyami 

v "" : ahcl polye^e&>P^ dfr-esferification to lactic 

^acid, a normal product of muscle metaboHsm. PGA is chemically related *tb PlA andis commbnly used for 
absorbable surgical sutures, as Is 'PtA/iPGA' cbf^ PCaA 1 in' sustained-release 

. aq implants has been limited due to its low soiubility k ih xom™^ in 
" ; fabrication bf devices!' 11 M:. _ : ■ L *' J t- - : - : ^ ^ ^ s?r ; 

'TVn advaritkgb of a'biodegradkble mateWai is the AiminatibiV of the neeb^for surgical removal after it has 
... , ; fulfilled, te mission. The ^appe^ pf ' such a materfal is 1 Wore than slinpiy'lbrcbHv^ technical 
_7 V standpoint, .a 'materia' which 7 BiM excr^fed A 6ve^ many uniaue 

' "abvanta^esr- ' tn? ' " v ^^ ; ' . - 

A biodegradable therapeutic agent delivery system has'sevehliadditfonjai advantages: 'I)' the therapeutic 
^ agent ^release rafe* is amenable to control through variation ~ Sf 'the matrix composition;' 2\ implantation can be 
done at sites" 'difficult or impossible for retrieval; 3) delivery of uhstablb therapeutic - agents' is more practical. 
. j V , This . last .point is of particular importance in light of the advances in molecular biology and genetic 
_ so engineering which „have I ad to the comm 'rcial availability ; v bf many potent bio-macromblecules. Th short in 
1 * . - _ " v ?yp '.half-lives . and low 1 ' Gf "tract absorption of these 'polyp ptides render them totally unsuitable for 
. ff^Mfer. 
\. , , such polyp^tfd|s cannot b effectively ' delivered r by pumping ^device's. ■ ' , P ' ' ^ 

' • l n ■ Js ; ^^ipiest formV a biodegradable therapeutic' agent^ _deiiybry System cons^ of a dispbrsion of the 

drug' solutes in a polymer matrix. The therapeutic agfeht is 'released as'the polymeric matri>f dbicomposes. or 
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biodegrades into sol^le^coducts which are .excreted fromJhe bo0y f ,Several classes of synthetic polymers, 
including polyesters* (Pit el aL in Controlled Release of Bioactive Materials , R. Baker, Ed., Acadeic Press, 
New York, 1980); polyamides (Sidman, et ah, Journal of Membrane Science , 7:227, 1979); polyurethanes 
(Maser, et,#U ^ounial of ^plymer Sconce, Polymer Symposiuna , 66:259, 1,979); po.lyortfroesters (Heller, et 
* ., - 5 aL,, folyjirer Engineering , .$cierye , 2^:727, 1981),; and poiyanhydrides 1? (Leong, et ai:, r Biomaterials , 7:364, 
■ V- , • T§86) have been studied4or xt)\$ purpose. JU? {£ : }];-. T . 

•fylfar-.most research has beep dpne> on the , polyesters ,of RLA <ind PLA/PGA. Ur^oubt^dly, this is a 
~ consequence of convent fhe§e polymers are readily b ^vail^|>ie, as th?y have 

-.v. .•{ r .., ;been used as biodegradable sutures, and.theY^dQ99 m P9 s « fy*9 nontoxic lactic and glycoiic acids. However, 
^Z '.jC ^tn^r i^db\err\ with- these pcrfyrne/rs is tha|t,"it js ptten difficult to .control md predict their degradation. 
J^r-c -.r'^r.vPpIyorthoesters .^nd poly^ydrides ha^^been Specifically designed for cpntrollpd. release purposes. 
'■;*>C ...Twhiie these polymers are promising, yi they also have significant drawbacks. For example, polyorthoesters 
• n^ - biodegrade in a desirable manner only if additives are included in the matrix. §y taking advantage of the pH 
"y" Z. ' v degendence ofcthe e r^te of Qrt|ipester cleavage, preferent»>liftydrolysis at the. surface is achieved by either 
r ~ is -the Addition " of* bas^fp substances to suppress degradation ia bulk, or ^ incorporation of acidic catalysts to 
v'/; promote surface degradation Unfortunately/ these additives often 0 Jead : jp unnece^s^ in 

terms of release "behavior and bToC9|np?ftWlity. . t ^ : c: . - -j^ : -v? y ' .; a 

o.v,:v't* t.-f Tfte poly anhydrides, op : Jthe other ^and, are unstable eyenjn t^f r ^fid^^e.Jr^ /t ad^ition, the poor 
' solubility^? the hydrophobic pQlyanhydri<^s alsp .render;, characterizajipn.and f^bricatioQ difficult. Hence 

J 20 there exists.the need for new bipdegradaable polymery.; • v j"", " p. , 

Thje biodegradaable matrix /of the invention a\sq finds broadv utility, as-a; transient prosthetic support in 
orthopedic'applications. For centuries, physicians have attempted to repair and replace varipu^.components 
.,qf r the skeletal system. These attempts have utilised various kirjds.-.of materials irrcluding bone, ivory. 
r:> Tcqilagen..jwpod. metals, alloys, ceramic^ .glasses/corals, carbons/qolym^ and co^ppsites of materials 
as as bone prostheses r - . *=,- > ^ * ; ? >-> ^ 

...I- Ideally, the bqne prosthesis .should be a material that, -is biologically . inert, readily ^available, easily 
J, ^ / r^adaptabie to the site in terms of shape andsize. and replaceable by the. host bone.fleplacement of the 
; o ti .^rothesis by the host bone necessitates that the substitute^ .biodegradable. p£ :, ■. ;? : 1 ... _ 

different! elastic moduli of the, prior art prosthetic ir^pian^ booe often causes cortical 

^ n jbone to atrophy. The theoretical advantage of gra^ai loc^ plate to thej^ne and the 

.7' ^elimination, of typ need for surgicaKrem^ would maKg absorbable 

'"-S, ^^osteosynthesis material extremely usefuL A^ ; a jempprary..^uppprt in. a,load-bearing a ; rea of^an ^rjipular joint, 
a resorbable porous material also^as th^.^an^^ ofy.^Hage defects 

^ ?ir and prompting bonq and Jt c^l4ge-form^ neej^^ists.'foV a ; ,biodegraqJab!e prpsthesis of 

^ 35 sufficient post^m^ntati^ r: , ■ 

V ^> .V Tr^q r present jny^fldnlpei^jnWto a biodegradable cornpo^itjon :UsefM( ^ a structural % pfp^esis and a 
-^b^hWapeuti^agent d§jivery/ r vehicie and methods : fpr its manufacture?, and.pse. the qompos^ph ^comprises a 
^ ^i^bi ^ ^ocompftible p^ly^psphate^ester^^ in preselected dimensions ^ and^ configurations, which 

c ; ^! ,,-pre^ct^bly ^degrades" in vjyp jntp i^pri^ic residues^. The, method ^9^?^ ^?^P^? siti ??.^ 3,1 implant 
^ n apci prosthesis compri|ses #£ S^ ^p^siSpp mfo ^ individual in 

^ .j^vp-atapred^orrplr^d^site^^, v h, . ^ . ;nr>xw- * -Vs^'r- K-.vjoto k..r . f, 
c , : I , ~" ^Although Jt is, prefer/ed thayhe poiypf^of the : inyention be t^deg^ these 

r ^ ^ ! ■ ? -.^-,-;^ct)3»ct^ri|sttas jars r^t ; e§^nti^,fqr : th© P°'y? a n e ^c:.T ^ ; i( ' . ^o^d ? s?r; y. 

" The composUion of the invention, through its transient in vivo presence. .^rpy ides a matrix which 
^ - ^ , persists, for a fwrioc} of tirne 1 gutRcient,.tg ^chieye. A i^ecj^ toxicity upon 

i i ^ , degrad'a^on. prgvjldesi jnechanical Weng^i.^ahd^s readily f^bricajed, r; . .^ . r [ UT .. r , ? > bf ;: ; j t ./ : 
? t ' 1 *~.. n ^Q<iQB^ia) show^'tbe i t rj ^ vitro reieq#e p p^ ^sts^h^'io^ poly(2-oxo- 

" " V 1 !3,2^ioxaphosphitef backbonematrix. FIGURE 1 (6) compares the "release oVni^ophenof.^nd^anilinp from a 
.. .... ,, r ; t q9mppsitLon matrix systerjKand a.p^ndgnt systgrn^ ; v ; . . . . . - tC . s r; ; '^r^ip-^ /: i 

^ ""s^V.^.^.^FilGiiRE 2 oprnftares'the; d^r^a|^n rat^s pf various ^ly ^bo.sp|i^ e^^^ : ' ^ . ^ 
' ; ' ^ ' R0UhE f -37fKows/the rejease .Vat^s. of / nan-pendant cortisone' from ^ ester) 

..i, \ ..matrices.. ^ t . ...j . --^-j >.->-• ^--j , ^ ■ ■ - : .y ■ r >'« * 

... ri"" I FIGUR£ c 4 r iliu^ateVth refea^ x ratei qf four different drygs^form the s^e.BPA polymer matrix. 

. ' The! pre?eni invention "iS; .. dir^cietd : ''to/'compbsit|ons^ useful, prbsthe^es ' f?^>s ^. a P 0ut,c 
S!J A., t ' delivery vehides. Tliese cpmposi&ns.com ja'bi^egrad^bie,'.^ pply(phosphate 
1 ' J ' 1 ri esters)/ the polymers are''feic4^r9<#!i© .^ciaM^Jpif.^^ hydrolyzable phospha^es^ P(O)-0-C bond. 
.in ,th.e backbone. With th^phosphatf. /ester.riipkagieV the^ ^ojymers can be ci^sffi^a^ polyphosphates. 
. or polyamidbphospliates^ .structure "of jii 6 ^^^!?^ 8 * With 018 

L 3 
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-"phosphorous citonv< existing f in the'trivalent state, the r polymers^ can -bar. eaher "poly phosphites or poly- 
phosphonites. . t -{Ais ?. , - - -0 \ ■ - 

v v -v, p re f er red are compositions/ comprising a biodegradable polyphosphate ocpplyphosphonat matrix 
" which have the general formula:',,;^' < ?ry yij , -*j .y ' '' ^c t ?.vi ,? ot i 

70 ' . 

wherein R and R ( are preferably organic or organometailic moieties and n is from about 10 to about 10 s . 
The r' group can be a therapeutic agent or, alternatively, can be selected from the group consisting of: 

; .i. - " : ; - - • - a- , 



75 






o 



20 




25 



30 




^/^wHerei^ |s afkyl. haTo§en. n nitfo, hydroxyl/arhinb/carboxyl, alkoxy ; or "combinations, thereof, R2 is oxygen 
" ^ m pr"N^CH3, and a raWges from 2;tp 8i r "b ranges from 10 t& 100, d ranges frohnb2 to 16, f ranges from 1 to 6, 
"ahtijh r^e^tforii-'i'to'^ C' ! .: - ! n - " T ** :r k"" • - •-^n ^ 

4 5 ^ : . ' Other ' R^g^ups'tliat'^^bh equivaiently to' these R' groups' are r withih the s6ope of theMnvention. 

The R group cari be r a%erapeuW agbnt or/ alternatively; can ' b§ v selected from the^group consisting of: 

-NH-Ri . -S-Ri . "V-V:Q,tio- r- n-l .* £ wo -;-?rv-- r 

■■ ..- , II ■= , v . ; , 

* ^O- C -R t 

• 40 



1".'. '^=.>.- "»T.l 



,* .;;:•( it Put- 



r" too *■:;•;» 



-» ^ ■'; -is".-, wherein Ri i^;alkyM^alogen,jnitro, t hydrpxyl,ramino, qarboxyl ;< alkoxy, or combinations thereof, 

^■'on i- «3fiS X "iO::"ui!i;^c G(ii 




:1 .HDOr^^vvnoC; ! G-'V 



or 



r;»: , 




v" ,r • P^^l-J? 9£ 0 "?? $ at function e eqjjivaIently to tftese Slfoyps are r within the scope of the indention. 

It is also possible for R and R' to be tHe^s^rne or d^ agent. A ° : " : * 1? : 

Other R groups that function equivalents to ^6fi^W~0rou|^' : ^e^thih the ^cb^e of the : invention. 
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' The tertr. : "; ,, fi:iky5^as.used hsrein; either alone or as a part of ^another group (e.g., alkoxy), means Ci-ie-, 
preferably Ci-io-a!ky!. ;K . J 

• r The ; CK»hinc;n lyr.tt'iesis osnd chamical structures of polyphosphates and polyphosphates are shown m 
Eqs. 1 and 2, respectively. On hydrolysis the polymers decompose into monomeric phosphates and diols 
(Eq. 3). However, because of the hydrolytic instability of the phosphorous ester bond, there have not been 
any commercial applications for these polymers. (Sandler, et aL. in Polymer Synthesis , Vol. 1, Chap. 13. 
Academic Press, New York. 1S74). it is this -h.^abllit/, however, which the present inventor discovered, 
renders these polymers attractive for achieving a "medical effect for both transient structural prosthesis and 
therapeutic: agent controlled release applications. 




T(-P-O-H»r0-) — -K 7 2S?C1 (Eq* 2) 



-(-p-0-R a -0) — + * H,P0 4 + ROH/4 HO-R^OH (Eq* 3) 

In comparing the hydrolytic reactivity of different carbonyl bonds, the phosphorous ester is comparable 
to, or slightly more reactive than, the carboxylic ester. Thus, this water labile linkage provides the basis for 
a versatile delivery system. v ; 

A wide range of degradation rates can be obtained by adjustingthe hydrophobicities of the backbones 
of the polymers and yet the biodegradability is assured. This can be achieved by varying the functional 
groups R or R. The combination of a hydrophobic backbone and a hydrophilic linkage also leads to 
heterogeneous degradation as cleavage is encouraged, but water penetration is resisted. 
;v The polyphosphates -and potyphosphpnates of the invention show favorable mechanical str ngth 
because of the hioh molesu^r weights obtainable.,. Average molecular weight of up to 600,000 has been 
obtained by an interfacial polymerization (Sandier, et aL, ibid), this high, mojecular weight leads to 
^transparency, and, fjlrTy^d^bei;. properties,. It has. also been observed that , the P-O-C. group provides a 
p^ast^ng.effecVx?Wch Ipwers, Jhe ,a|^ f -^gition tempejeature olthe.^polymiBr, apd.conf^rs solubility in 
organic solvents. Both effects are desirable for fabrication of the com , ; 

The term "therapeutic agent" as used herein for the compositions of the invention includes, without 
limitation, drugs, radioisotopes, immunomodulators. and lectins. Similar substances are within the skill of th 
art. The term "individual" includes human as well as non-human animals. , v h c 1- . f . *>Q- 

The drugs with which can be incorporated in the compositions of the 4 invention include non-prot- 
einaceous as well as proteinaceous drugs. ;phe4erm "non-proteinaceous drugs* encompasses compounds 
which are classically referred to as 'drugs such as. for example, mitomycin C, daunorubicin, vinblastin , 
AZT, and hormones. Similar substances are within the skill of the art. 

The proteinaceous drugs which can be incorporated in the compositions of the invention includ 
immunomodulators and other biological response modifiers. The term "biological Tesponse, modifiers" is 
meatrSf to in^pa^s substanc^ wfiich arePirfvdlvSd' in modifying theTrhrrwne response In-such mann r as 
to enhance the particular desired therapeutic effect, for example, the destruction of the tumor cells. 
Examples of immune response modifiers include^ such compounds as lymphokines. Examples of lym- 
phokines include tumor necrcsis factor, the interi,euKlns; t lymphotoxin, macrophage activating factor, migra- 
tion inhibition factor, colony stimulating fadfer and the interferons. Interferons which can be incorporated into 
the compositions of the invention' include alpha-infefferon. beta-interferon, and gamma-interferon and their 
subtypes. In addition, peptide or polysaccharide fragments derived from these proteinaceous drugs, or 
independently, can also be incorporated. Also, encompassed by the term "biological response modifiers" 
are substances generally r ferred to as vaccines wherein a foreign substance, usually a pathogenic 
. organism or some fraction thereof, is . used, to modify the host immune 1 response with respect to the 
pathogen to which ^y^^^^^-.P^^ skill in the art will know^ other 
..substances which can , ...!T ; .^'l t *V" 
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. In using radioisotopes ceijain isotopes may be more preferable than otters depending , on such factors, 
for example, ,as t tumor distrj&tibn and ma^jasjweil as isotope^ staBjiity . ^d^eMjsapij. Depending on the 
type Jof malignancy present Pome .emitters ^ beta partide- 

emitting radioisotopes are preferred in immunotherapy. For example, if an "knimij haV 'solid tumor foci a 
high energy, beta erpitter capable of. fjpnetrating, several .millimeters of Jjssue/'iuch '§s' 90 Y, may be 
preferable. On the othe hand, it the malignancy consists of jingle target cells" as in tfiVcase of leukemia, a 




compositions of the ihv^fo^ 

■ t «*i Lec ^ns are proteins, usually isplated fro^ bincf to l|^fic t 'sug^/moWti^s. Many 

o , lectins are also ile to^agglut^ Other therapeuMagents which can be 

t k used, )teape$Ga$ t m\h ttie biodegradable 1 compositions of Jhe jjnyentjpn?are known, or can be easily 
t . ascertained, by -those or ordinary skill In the art. * tm ' A Ct} ' ' : V "! :A 1 

- 7 s - oH) 6 term "therapeutically effective", as^it pertains to the compositions of 'the invention means that the 
therapeutic agent is present ^t cpncentrattqns particular medical effect 'for which the 

therapeutic agent is intended. "Examples; without' limitation/of desirable medicai effects which can be 
attained_are chemotherapy, antibiotic therapy, , birth control, and regulation of-metabolisnrv - - 

"Therapeutic-agent bearing" as it applies to the compositions of the inventiop denotes that the 
20 composition incorporates a ttierapeutic agent which \sr) not l)6und tb~th6 polymeric ^matrix, or 2) bound 
within the polymeric backbone matrix, or 3) pendantly bound to the polymeric matrix, or 4) bound within the 
polymeric backbone matrix and pendancy, bolind to the polymeric matrix. When the ^therapeutic agent is not 
bound to the matrix, then it is merely pbyisically dispersed with the polymer matrix. When the therapeutic 
agent is bound within the matrix it is part of the polyphosphate ester) backbone {H). When the therapeutic 
25 agent is pendantly attached it is chemically linked through, for example, by ionic or covalent bonding, to the 
side chain (R) of the matrix polymer. In- the first two instances the therapeutic agent is released as the 
^matrix jbiodegrades. The.-prug qan also*; be released by diffusion through tjjie polymeric, matrix. In the 
pendant system, the drug is released asthe polymer-drug bond is cleaved'at the boSily tissues. 

A combination of more than one therapeutic agent can be incorporated into the compositions of th 
30 invention. Such multiple incorporation can be done, for example, 1) by substituting a first therapeutic agent 
:.er = into the backbone matrix^ (R^ and a second^therape^tic . agent ,by pendant, attachment (R), 2) by providing 
i mixtures of different poly (phosphate esters) which have different? agents substituted in the backbone matrix 
v. v"(R-J-.;or at their pendant position^ (R), 3)-by;, using- mixtures pfi.unbpund therapeutic agents^with the poly- 
(phosphate ester) which is: ; then formed intp;J^e^qomppsTtjd(^: 4) . by use of a~ copolymer, with,, the general 
: . asiln.structure -'r-^^^ s-- : • ::.i«r.e*ib *r'- X^^o r. :* i-.j-q.r,. fridBvsVsr.r.' 



vi^^-'-^./oooiJ ■ .3i.sb;- -:*:£. - Iv.: :iO,; :.; . s^o;. ^iq ££. i:^- iv.iU;^er: • rl::i; ?:! o, 

:r: .-!•= r ^yvt»ere|n^m or n can to.frpm aboi^ 

f .. : , : l:jx t ■-]■;'< ' ^P^CQnce^ of the agent and its 

, u ~ rpHysiplqgfcSl role and d^ Th^; IpV ^xanip'fe: ^e'ccfnben^aKbn of a hbVmone used in 

\ : ; c ' 45 , .prpyipm effect' Will likely be'.'difrer^ntj^d the cbfifcentration of ah anti-tumor 

c drug in which the therapeutic 4 effect is to ameliorate a ceji-prdi^ In any event; the desired 

• ^ t concentration in a particular instance for^ a, particular ther^pedtit; adferit 1 is readily ascertainable by one of 

■ v . ..r tlJ1 ; ^stall.in^^arL^ ; oJp . ..^ . Miiv ,^,- . . ... .... ^ .J... v ' 

. > ' . thg therappiiti level fer ;S composition .^'thS' inyerition can vary,; for exampiei on whether 

, v 5Q ., *&ie th^r^e^tlc^age^ bound to the poiyjphospHate esfef) rba^bone polymer miatrix. For J thbse composi- 
tions in~wK|^ agent is not bound to th§. b%kbbne matrix, in which the agent is physically 
. dis^s^".^^e^jy|phbsphate ester), tfip cbncenfratipn of agent will typically not exceed 50 wt %. For 
. 0j comppsitipri^ i^Vhicn thp therapeutic agent is bounij^w^in'the polymeric backbones matrix, or pendantly 
c- t ■: ^^^j^.^l'^ly^^ matrix, the drug loading' \eye[ js up 'fo the .stoichibrrietric ratio" cif agent per 

. ; ■ ; , P 16 t ? r ?? ^*rw^«fit stnjctural prosthesis" when used to describe the compbsitions bf the invention 
- : - m ^Vis ^a.^p^^bestisi which is biodegradable vyith^me and provides a structural funbtibn^in^the individual 
v such, as, for .example, as a vascular graft, suture and Bone pliate. , ' ^ " ' ^ v icc 
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1 r Vpoiy(phb^^^^ th 3 invention can fiJrtetiorfa^ as a transient 

structural pfo^e^s irtti^'a thdrkpeufic' a^nj-beiring composition/ An example;of this would be a suture 
e;earihq"a C tHerapeu¥c agent sucK ^. for ex&rifX '1ft aftibiotte.; ojrj; atem&!vely,;a bone plate incorporating a 

'.growth factor. * " J . - . \ . .<, ovl r . . . 

A novel advantage of the polymers of the' invention is th$ avai lability. \of functional side groups which 
' [ a!!pw the chemical linkage of therapeutic ag^t's t6 l ^S , ^^poiym^rs: , Fpr example, drugs with carboxyl groups 
-°can Be. coupled tb'the phosph c 6rbus atdrti Via bestir bbnd. which is hirdrolyfcable (Eq. 4). The rate of 
: therapeutic agent release will tnfcrf be d^^hiient^pnjthe" h^Jrolytic cleSyage of .the polymer therapeutic 
L agent conjugate. This pendant deifvery sy^Sw h|s the advantage of attaining" 1 a high drug foading level. 
iq Therapeutic agents which exist in the ir^uVstatfe can j3lsb b<3 ft accommbidBted; 

— :; "' J! ^teipat[velY. tfWaj&utic aunt's contairii^^ ihcbVporated into the 

^ckbone of the ! polymers (Eql \5): For instant©. iWbidSf siuch as-estfacilpK'can ' be ;reacfe3 with dich- 
r Vorophosphates to forrn the pblymer. Other therapeutic a^rtis can alsb be d^rivatized for incorporation into 
the backbone. For instance, a drug with two amind groups can be reacted with thb cairboxyi group of a 
; Kydrp^l^c^boxylic Scid. TTfle hydroxy I groups clin^then be uied'; r to form the polyphosphate ester). A 
sus^ined delivery then effected by hydrolysis of the polymeric prodrug.. - ! ; T " " 

^ ( -|-P- R ;^Q- ) 2BC1 (Eg. , 4 ) 
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Ci-?4C1 + HO-drug-OH — > — (i||-0-diug-0- : ) — "* -2BCl^CEq. 5) 



30 

' TO 



- v- -The polyphosphate esters>of the iriveritidn"c^ as 
; ^ ;G,j feufk- ; polymerizations ^ lnterfacial ji p6lyrherizatibn? ; sblutfon polymerizatftin; and Yifi§ opening polymerization 
•(Odian, G; / Principles of Pbi^merizatfOh ^'and^tfw^Jdhn Wiley & Sons; *4ew York, 1981); Usingfany of these 
)! mdthbtfs. a ^variety '^>f "Qiffereht s^hthefie pblyrriens having a broiid; rahgd of ^mechanicaK chemical, and 
3 5 biodegradable properties are obtained; the differences in properties and characteristics* are; controlled by 
varying the parameters of reaction temperatures, reactant concentration, types of solvent, and reaction time. 

The polyphosphate esters) of ttje invention can range in molecular weight from about 2,000 to about 
10 s containing from about' iXfno' abourf O.OO^mOnorneric units. 

All of the compositions useful as prostheses or implants are synthetic poly(phospahte ester) composi- 
40 tions which share such characteristics as predictable and controllable degradation rates, biocompatibility 
aQd^iodearadabiiity, mechao^ , i0 >r : r ^ L? , r . ; i , - 

Th^ rat^ of b(jbWgr^ati^ may also be 

<; ^ cqotoiled by. y^ryjpg: tfV^ hydropaobicity of ^^ftier. Thejmech'an^ gr^igtable degradation 
: ! preferably r^Hes on !eijh^ prpy^ for exampl . 

i^4sJ''an arornaticstructure. oil a^^tiv^y. rf^the^girbu.^ ft^ ^aliphatic group, 

V " -th^n the group h is pref^/^ly arpm^tic. ;-.V T r . r , ^ , s -,: x 

J Ji K The rates' of degradation for' each polyphosphate ester) composition are ; ggrfS^ and 
constant at a single t pH.. This permits the compositions to be r introduced ^ into toe lnb^ variety of 

.tissue sites.. TOis is especially valuable jn that a wide variety of cbrh^siSo^ meet different 

" so ,*but;,specifi ! c,' applications may' be composed and Configured to meet ^C^d^jlbs; djrn^nsions, and 
^shap^s - each of which offers individuial, but different predictable periods for'de^rd^atibnr; - 

■When the composition of the invention is used for long term delivery of a ^ th^peufe; agent a relatively 
ihydro phobic backbone matrix.; for' ; >^nnpie; containing bisph nol A, is preferred: ft. is ;^s.sibte to enhance 
: } " ttne degradation rate of the poly(phosphate ester) or shorten the functional life ^ the d^ic^V by introducing 
55 hydrophilic pr polar groups, into th backbone matrix. Further, the introduction of nHfethyifene groups into the 
I ' backbone matrix will usually: increase the flexibility of the backbone and detr^^^ the 
' ' polym r. Conversely, to ob^in a;iinore.rigid bKkfone mafrixi for example, whfen ^ us d orttibpedically, an 
aromatic structure, such as a dip^henyi grbupi can be incorporated into thle matrix: Als>o. the 'poly (phosphate 



7 



0386757 A2_l_> 



^EP"j0 386 757 A2 



esters) can be crosslinked. for example/ using l.a^-trihyclroxybenzene^'c^rfChteOHJiC, to [enhance the 
modulus of the polymer-Similar considerations hold for the stnjctu^ 
. " - 1 The entire class of-~poly(phosphate esters)- are biocompatible, and biodegradable. In view of their 
"'intended function as a therapeutic* agent-bearing? implant or prosthesis -to b9 introduced into a. subject in 
5 vivo, it is desirable that these compositions^be essentially ^hon-inflanmatory^andrnonrimmunogenic. - 
' The use of the polyphosphate esterspof the invention as. an implant which also; functions as a 

■ therapeutic agent-bearing polymeric compositions, for exampler^subcutaneously or in various, body cavities. 

is particularly useful in cases where chronic administration of drug over periods ranging from days to years 
is required. Examples of drugs which can be used in this manner include insulin for diabetes, pilocarpine for 
10 glaucoma, immune agents for various diseases and allergies, contraceptive steroids, narcotic antagonists, 
antibiotics, anticancer, and antihypertensive drugs. *«• 

Subcutaneous implantation is currently one of the most popular routes used for sustained drug delivery. 
This is partly due to the simplicity of the surgical procedures involved in implantation and removal, and the 
relatively favorable absorption site offered compared to the oral or percutaneous routes. Surgery could be 
is viewed as a disadvantage,- howeveY/d^ on th^e patient f and* 'the location and frequency of implanta- 
tion. It can be avoided in some cases by injecting the implant directly into subcutaneous tissue, provided 
the implant is capable of being delivered through a syringe. This is the method used for many of th. 
: ; 'sustained-'release insuliri-;prbducts._ s : _ {{ [ ;*;'*.' "1 _ 3 v r ^ F vr '> 
■ l ~ Implantation us^ 

1 20 of microspheres which can* be suspended in a pharmaceutical buffer and introduced via the syringe to the 
: "desired site. * : ■ o: i • c: : o^oj-v p;;<po,. : vi^ ^ , 

For example, compositions in the form 'of microspheres incorporating cortisone could be injected into 
' the region of an inflammatory' joint or muscle. -' ^ o i t 

* n The use of the biodegradable polymers of th'e invention to^act as a' matrix for the -release of a 
25 therapeutic kgent from subcutaneous^ implanted compositions offers several advantages over prior art 
^ compositions. 'The most obvious is that no surgical removal of the deviceTis necessary after: it has fulfilled 
"'its 'function. Also, an -additional mechanism for release- of drug is provided by degradation. Complete 
/delivery and, thud,- maximal absorption occurs aftei- the device has degraded.^ .*C 
1 -"■ The Vnechanism of rkease^ bf therapeutic "agent frofrrv biodegradable slabs, cylinders. :and^pheres has 
30 been described by Hopfenberg (in Controlled RBfeastf ' Polymeric Formulations , pp.. 26^32, Paul, D:R. and 
Harris, F.W., Eds., American Chemical Society. Washington, D.C., 1976). A simple expression describing 
additive release from these devices where release is controlled primarily by matrix degradation is 
M t /M„ - -kot/Coa] n .=v>r ^» • l0 ., v •. ^ .« , 

where n = 3 for a sphere, n = 2 for a cylinder, and n = 1 for a slab, the symboTa represents the radius 
' 35 ' r ofa'^&fi&re or cylinder or the 1 haJf-thickness of $P$la&* M^atta''M* ^ 'are the masses? of: drug released at time 
" V'and aHnfiriltyi^iispectivbly.^ v >0 ^ .OA. • hi:* p.u. >j a . t i.. s. 

^ _ iC - ^ Bibd^radable ^'subcutaneous "Implants cari ! alsO ' be v usdd; : for- exampfe, for the delivery, of narcotic 
\ " antagonists, steroids, and ariticancer ag£nts. : l^larcotic -antagonists/ such as ^naltrexone, cyclazocine, and 
^ . 1 ; -naloxone, aire thera^utically useful in the\ pdstdetoxification^" stage 6t rehabilitation of drug-dependent 
^ ..P^? n ^ : Steroids wh|ch i! <^' be used include" contraceptives*' (for exaiiriple, 'progestefone);"anti-inflammatory 
' ^agents (for exa^ agents which can 

be used include cyclophosphamide, doxorubicin, and cisplatiril'/ <:v3 / : ^ > o<: 

Intravaginal implants are used for the sustained release of contraceptive steroid hormones due to the 
more favorable site of absorption offered by the vaginal mucosa relative to the oral route for these drugs. 
45 First-pass hepatic metabolism, which inactivates many steroid hormon^s^aRa^astrointestinallncompatibiiity 
, are; avoided by using the vaginal route. In addition, the vaginal route allows self-insertion ensuring better 
- ' ~?L\ ^afienrpbAipiiOTfe^; More stable polyphosphate esters)" are preferred in ^this 'usage. ^ ' - 
. , . ™® j*^^ e fi n ® d^Vice JltlD) ; is'6he of the more' popular methods of coritraceptioh which can utilize the 
1 : com'po^itions ^f ' theimfehtion. Initial investigations involving • rionmedicated lUDs revealed that the larger the 
so 'device, Ihe^riore' effective it was in preventing pregnamcy! Unfortunately; large devices caused increased 
incidences of^rterinie cramps." bleeding, and expulsion: The-effort to improve intrauterine contraception and 
avoid previously demonstrated side effects has led to the development of medicated IUOs.. More stable 
poly(phosphate ester) are preferred in this usage. Two classes of agents have, been used in lUDs of this 
type: contraceptive metals, such as copper, and steroid hormones, such as progesteron . 
55 ..TbMcqrTppg&itiq^^ A^at^ oge*i-angle 

glaucoma usually requires therapy for the lifetime of the patient with a miotic agent such aTpibc^ 
c c^ntrororin^ocular pressure. Conventional pildbarptne therapy requires instillation of Eyedrops four times 
" - ' / a day. Hende/ compositions of the invention incorporating an anti-glaucoma ag nt such as pilbcorpin would 
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'requ:re fes«:trequentcand more sustained;administr£tion/,- , >: , v r ' <?v t 

In additibnrto lhe; embsodiments' described above, compositions comprising the polyphosphate esters) 
of the invention can *>e used for; :agricultural,pMrpQse$. This can be accomplished by substituting for the 
therapeutic. agent without limitation, a pesticiderfa-fllant grovrth horomone, a fungicide, a, fertilizer, and the 
5 ^ like, ottiers of which .arei<nown*6r> readilx:ascertaina.ble to those of skill in, the art; i 

The above disciosuret .generally describes .the ;^pre^nt;invention. ; ! A further understanding can be 
•^obtained by ^reference, .•ttfuthfc.tfoUowing specific; examples : ytfvch ; are; : proyided. herein^for purposes of 
: illustration; only, and are not intended toibe limfting.Mnless pthe^ise specified, * 



GENERAL POLYMER SY#»ESIS TgCHNIQIJES 



Four different methods were used for the synthesis of the = plw ; sphorus : <x>ntain bulk 
. • ~ : poly condensation, solution, polymerization^ intetfaci^ poiyconden$^on (( and ring-opening polymerization. In 
20 these 'syntheses, carei was takerr tpjeliminate traces of moisture frorosthp system. The reaction vessels w re 
carefully dried and purged with dry nitrogen before use. The nitrogen stream was passed through a Deoxo 
I; purifier for oxygpn rerrovaloTh^ .polymerization, except in the.casf oMnterfacial polycondensation, was 
conducted under nitrogen sweep. All reactants were! fractionally distilled , ( under vacuum or recrystallized 
bafore use. In particu4ar, the -phpsphorus diacid chlorides were freshly- distilled before each experiment. 
25 Solvents were dried -over molecular;, ^sieves. The phase transfer catalysts of cetyltrimethylammonium 
^ / . chforide and crown ether 18 were used. for the interfacial polycondensation. Lewis acids of. ,ferric. chloride 
and magnesium chloride were used. for m^lt-polycondensation. For ring-opening polyrrierization. t-BuOK (i- 
C4H 9 >3AI were used as initiators, rlrv^pcgons involving diols oxidiza£l<Mo quinones in base the procedures 
^: :0;t^era> performed in ^therdark.^and small . jamounts of sodium hydrosu|fit^ ; were added ,to f the interfacial 
>.;: )3c£ . polycondensation to prevent oxidation cf the,-diol. : , J - t , . ;;.>• ' •>: 

A. Melt-Poly condensation: ? v " r - ,f»\ t r ( : 

„ . 35 c , in cmert.^r bulk,rpoJycor^ensatipn the ; pho^pbopic c or phospljGifia ^ the dip! in the 

absence of solvent A Lewis acid catalyst (FeCI 3 . MgCI 2 , etc.) is added, and the mixture ideated, often 
- .-,t-- : under vacuum or nitrogen blanket* to rerpove Jfee #ci formed. These, sp^what vigorous conditions can lead 
.f. to cbain acjdolysis j(or bydrolysist Jf water c ^.Dresent). -ynw^t^^rmaljy ipduced ; side, reactions such as 
. v adv^ntStiou^iLcrossltnking ^^ ; also^pGCi^.;»^e : polymer backb<jnf- ls :e ?us§^ptB).l^ to -hydrogen atom 
r^*:'«o abdteaction 0£. oxidation, with su^seq^nt :; m^ positive sid^.ihis technique 

s - > avoids solvents and ..large amount, pother a^jditiyes, i*us ( mala5 > 9 1 purifjoatlon ..mor^ straigh^orward. It can 
also provide polymers of reasonab!ejmp!§pul3^.^?9^^. • . ^rrj v, .: . .sL;;.;, -JrjL: [>. :..:?< 

:,- } 45 >-cS. Sotution-Polycondensatiorr: , ti b .^s;:. e; ;w r-.e-B --^ ^i-r ^r.o^:- "? 

Solution polycondensation requires r that both the -d^ ,n a 

5 . ; ;;, <: common .solvent!: Typically, ^ chlprinated organiq splvent.^^^sedi^ tbe r?actior) i; run yrthe presence of 
a.istoichiorpetric. amount, of ; an acid .acceptor : The ;; prodfuct was ^^n jsol^ ,^m .the solution by 
precipitation, -and,, purified, to. remove : the hydrochloride .salt. Although longer !0 r^apt|on. times may be 
= necessary, generally much, milder condifjqns are used .relative to bulk-reaction^. : J^pre sensitive functionality 
can thus be incorporated= using .this technique., 



-•is J50, 



ss^-C lnterfacial-Polycondensatipn: - r . \.| >; : k -i^qf'tc ' v r 

T . " ^ Jnterfacial polycondensation potentially- yields weights^ for :^i^: ^y^s at high 

iV> . -v: -reaction rates- Since the interfaci^ technique, is the ..crjtical dependence of high 
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-molecular weight on exact. stoichiometric equivalence betw^nrdioUand. dichloridate inherent in bulk and 
^solution methods is removed. The limitation of this method is the hydrolysis, of the^acid chloride in the 
alkaline^, aqueous ;phase: f?hospho£prdichloridates^ are^generally subject 

: to. hydrolysis rather than polymerization. ~.^.vv: v , v ? v 



'■1 erlJ c? b 



0. Ring Opening: ; - 



£0 .J 0"Lt;S^r 



-i < . -n.-: ! ) »o : r u ;v r . Jf ; ^...-t .v. ; t :0:.T} - , :.ah. ^y,- to In*.- *. 

vRingropening polymerizattoruof phosphorus-containing; monomers. was, ; performed using, the technique 
ro , disclosed jn Lapienis; ef a/., Journal of Polymer Science, 2&1729. 1997 and 

Pretula. ef a/., Macromolecules, 19:1797, 1986. This technique is particularly "useful ^producing high 

molecular weight polymers. 
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PREPARATION OF POLY(PHOSPHATE ESTERS) 



25 



00 



35 



40 



45 



^ As Using the melt-condensation technique. : a poly(phosphate ester), having $ve structure disclosed in 
Equation 6 was produced. Ethyl phosphorodichlbridate nvas slowly added to a magnetically, stirred mixture 
of an equimolar amount of ethylene glycol, containing 2 . mole percent of.FeCb cooled to -20* C. The flask 
was connected to a vacuum pump through :a ;trap to remove HCI. When the addition was complete, the 
temperature was gradually raised to 120* C~pver a seven hour periods The mass was :thpn icooled to room 
temperature, dissolved in methanol, and precipitated into'ether: = ,c-i ^ -s- L o: " .ryf . 




•CHjCEj-O- P— © ) — 

oca 



(Zq. 6) 



B. Using the solution-polycondensation technique, a poly(phosphate ester) with the structure disclosed 
in Equation 7 was produced. 

A solution of recrystallized btsphenol-A (10.0 g t 43.8 mmol) and dried pyridine (7.62 g, 2.2 equiv.) in 
100. mrpf. dried me^y{en? r( chloridd^ was cooJed.tq c ^ with a 

paddle stirrer, thermometer, and gas inlet and exit tubes. Under positive pVesjsure of -d a solution 

of 7.!4g (43.8 mmol) of freshly distilled ethyi phosphorodichloridate in 25 ml of methylene chloride was 
added from an addition funnel over a period of 30 minutes. An increase in viscosity was noted during th 
addition. When the addition was complete, the temperature was allowed to rise to 25 *C and stimhg was 
continued under nitrogen for 18 hours. The precipitate of pyridine hydrochloride was removed by filtration 
and the filtrate was washed twice with 40 ml of distilled water. After drying over CaCfe. the methylene 
chloride solution was concentrated and precipitated into 500 ml of petroleum ether. The oily isolated was 
dried on a vacuum line at room temperature for 16 hours to give 8.42g (60.4% yield) of the poly (phosphate) 
as a crisp white foam having M w = 17.000 (by GPC relative to polystyrene in chloroform). r 



50 




— *- -<-f-o- 

5C, pyridine oc^B, 




C. The poly(phosphate ester) of Equation 8 was produced using the interfacial polycondensation 
technique. 

A solution of recrystallized bisphenol-A (10.0g, 43.8 mmol) and sodium hydroxide (3.66g, 1.04 equiv.) in 
65 ml of distilled water was prepared; 1.1 2g (2 mole p rcent) of a 25% aqueous solution of cetyl- 
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solution ; of phenyl- 
• in- a dropping 

fiinne^ariti liefr underhitrogen. BothPof these Solutions were tmn cooiea to u i ne aqueous solution was 
transferred to the jar of a 1 L Waring commercial blender; low^eed fixing was "beQUn immediately. Th 
organic solution was run into the agitated solution from the funnel through a hole in the cap over a one- 
minute period. The mixture was blended for four minutes, producing a thick, milky emulsion with a 
temperature of 35* C. After separating the layers in a separatory funnel, the tower organic teySr was washed 
with 30 ml of water, dried over CaCI 2i and precipitated into 750 ml of petroleum ether to give a fibrous, 
t$ydery solid?Tfie sditf was isolated filtratiortr reprecipitated in the same marine^ isolated again, and 
tirterj bn * vacuum lira atfroW 16 ht to give trie frolyphosphonate (15:1 : gYQ8A%) as a fine 

bowdeV: vU'^ x v sirf 8,; .S3 . " ..JV'^w, 

(Xq- 8) 
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• D. The ring-operwng technique was used to produce,-the polyphosphate ester) shown in Equation 9. 
Using cHoxaphosphorinane ^t a concentration ofj7.0 mol/L in methylene chloride, a polymer with a number 
average molecular weight of over 100,000 was i obtained as a white, powdery material, in about 50% yield 
when triisobutylaluminurrf (0.03 M) was used as the initiator at 25 *C after a 24, hour reaction (Eq. 9). The 
difficulty of this technique Is the preparation of theipure cyclic monomers. In crder to -maintain a favorable 
thermodynamic driving force for the ring- opening, reaction, the monomer is confined, to aliphatic and non- 
bulky groups. The cyclic monomer also should not contain acidic protons. 




^3 »■ 



/; - i '^dltr6n^^3iryipf5s ; cJFsorrie of the ^Iy(p?i6sphate estersf : wh&K; have been synthesized using the 

' :: ' above te^ni^ues^arW'tfiejr pro par Ties are sriciwrt ih Table iV ' • - - 2 " 
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r^lYmgr S R* Method Procertlna 
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dark brown solid, swells in hot water 
whit powder; Ht«3879,H w -35365,T 0 «60-70*C 

T m «ll6-i30*C; solution in chloroform 
[ J-0.16 dfc/g, soluble in DMF 
waxy ; s$Ud ? .. *«»3^ pH 7 . 4 

phospljate bufffiir, slow decomposition in 
sir (spongy) im 

^aolid 'i^Ia^ td 5 6 6V in 48 hours in 
? pB' r 7.*4 phfbsplxate "Buffer j swellai in MeOH 
and chloroform; T>i4'0^220 # c v,: ; 
- -oCjHj 1 4c A b swells & buffer/ t;-90 # c ! V ^ - "' : 
VIX -o^Hi ^ 4d water soluble /-T^SS-rfVc 1 
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^H^j - ^1 ^ c; M>4917, Hg-33867 
XX-^ifcC^-' \:» C ; H^3^45^'^i4WcT' :; V — 

X -OC^NOj) 1 c -u^iyoiiowosticky 'Material-- *;-.v 3 

■i.e. -i- ( .;>v^*" j f.c ; ; ;C j ;. fyi-;-r „■' •■' bei : -;>*tfv-^ .■■=** / w ^ c.rl' 

'• i" "•*'< i f- ol> . ' i';=>. : K. • fii be . j'-jO" ,v ;t. -.'v'.; ---*v jr 1 i.-i-- -rt 
A>- mat-condensation with, Mgcla . as catalyst * , - .-; I ~, 
B • solution polymerisation, in ref luxing methylene chloride 
c - aqueous iritertacial co^enaation^lCHaCla-HaO) . with' phase transfer 
catalysts * " ' '' 1 : ' Kf ' < ' ' ;j 



1 - 



i - 




vsib V .;.;f; rNs^-.^^- j !- • . v ; .:;q e .-; 3 :: : b-KM^* yliscyr/riq 2ore,4a>-i:.mr«r:l4 r# 
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EXAMPLE 3 
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COMPARATIVE RELEASE RATES OF COMPOUNDS FROM PENDANT-AtiP MATRIX SYSTEMS 

so Poly(phosphate ester) compositions were prepared which contained, benzoic acid, jini|fne. tfiiopljenoL or 
r: ^■c-^ ifr PR^?P9MfcR®f? (3 F , . t position in. combination with ?ui ^liphatiq.backb^ne, as shovyn' in Equetobn 10. 

55 ^ . 
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r m benzoic acid, a^Uij« f :; ^biophmol r o£ p-nirrbph«nol 



Kr; 'Th£ -Hng-dpening ^biy^e;KaUori ^hnique was tised to prepare " poly (2-chioro-2-oxo-1 ,3,2-diox- 
"apho^phKey;lV prepare the tyclie m&ndmW2-hi!dro-2-oxo-1 f 3,2-dioxaphosphit9 f a solution (100 ml) of 1.3- 
. propanediol (0.165 mole) and trie^y%rnihe. (TEA)J0.33 mole} in.benzene was added dropwise to vigorously 
' l stirrecJ anhydrous benzene fepQjmtj'&V C under nitrogen atmosphere. Phosphorus trichloride (0.1 65 mole) 
* 'V 'anhydrous tjenzene ,(200 ml)' was' then addend. After a reaction of two hours and the TEA HCI salt filtered 
75 off. a mixture ?f water (0.2 rpole), TE^(0.2 mole), and tetrahydrofuran (10 ml) were added dropwise. After 
two hours of vicjorot^- agitation. the Tsolvent was removed under reduced , pressure, ; The residue was 
separated by flash chromatography ^sing rsjlica^as the packing material arjd i ^chloroform/toluene (50:50) as 
the mobile phase. The purity ^f^he^orro^^as checked by thin layer.:qhrpmatograchy (TLC). The TLC 
plates were developod by iodine vapor* for. visiUBUzation. .^k^.Tv; 
20 The polymers were synthesized by anionic polymerization of 2-hydro-2-oxo-1 ,2.2-oxaphosphorinane. 
The anionic polymerization was conducted in methylene chloride at -15* C for 48 hours under nitrogen 
atmosphere. A 1 mole % of i-Bu 3 AI Was used as the anionic initiator. The pdyme^as isolated by repeated 
precipiiaiion into orie8 ' benzene. C&orination of ^ the polymer wj& ' acfrieved'by passing dried chlorin 
^ through a solution of the polymer fVmethyiehe cftfbriae until dhpferbi stent, yellow color was obtained (about 
25 three hours). The excess chlorine was then removed by vacuum at room temperature. The polymers was 
characterized by GPC, intrinsic viscosity. FT-IR, and FT-NMR. 

After chlorination, the compounds were linked to the side chain of the polymer via dehydrochlorination. 
The chemicSl structures containing different R groups were all confirmed by FTIR and UV spec- 
trophotometry. FFgure ta sho\*s the in vitro release of the R r Qfoup^ from polymer. 
30 vThe drug r^'ease 'rate^was dependent on the stability of the linkage ,bprid: For instance, benzoic acid 
was bound to the polymer via a phosphoric anhydride bond, which is extremely water labile. Consequently, 
a high release rate was seen. The model drugs are all water soluble compounds, which in a^diffusion- 
controlled release system would be depleted very quickly. . WM! . ;: v 

ShowndnLFigure 1b-is the comparison of the release of p-nitrophenol anrf aniline from a matrix, system 
35 (in which the. cfcutfV just physically dispersed in the polymer and compression molded into a disc) and that 
released from the pendant system (in which the polymer-drug conjugates are compression molded to the 
same dimension^ Wtime it took for 50% of the drug to be released from the polymer-drug conjugate was 
significantly iongeY. showing that the pendant system is indeed capable of prolonging the release of 
hydrophilic drugs through a phosphate ester or a phosphoroamide bond. 



EXAMPLE 4 



45 



COMPARISON Of DEGRADATION RATES OF VARIOUS BP A POLYMERS 

Various polyphosphate esters) were prepared having a bisphenol A (BPA) backbone and their rates of 

50 M in vitro degradation compared. # . . ' . ; . 1U 

1 These pblyme^ Were prS^ed"7n : tf'rrianW' similar to that disclosed in Example l 1 B or C except for the 
substitutions to the phosphochloridate. The four side chains of Tabl 2 were commercially available from 



55 



Aldrich Chemicals. 

In order to use side chains of other structures it is possible to start with the phosphorochlonde of 
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where. FTis r'the'* desired structure. The monomer can ; b£; : bbtainecf either comrriercfaHy W syn- 
' thesized: Such syrithdsis^can be carried out, for example, by Reacting phosphorous oxychloride with the 

desired structure in the presence of a acid acceptor in r ari Organic solvent, according* to the general 

= 1 r Si.t":>iL:.Ll\ tc-: >•„ «... S r- tS o: -. : , !: , AV . 

*cc«ptor 



equation: 



70" (~ %t - 



If , 



■ ' - The p6IVrners prepared had the structures indicated in Table 2:. 0 ; 



) 20 
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^: CO: 
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These polymers were then placed iri>H-12 r phosphate buffer and their relative rates of degradation 
determined. 

The degradation experiments were conducted in 0.1 M phosphate buffer (pH 12). The polymers were 
so compressiorj molded into discs. (1. cm x 2 mm),, placed in 50 ml of pH 12 buffer, and incubated at 37° C. 
The releasefeietics were foltowed by measuringrthe -concentrations otlheLbuffer solution by HPLC. The 
weight loss of the discs as a function of time was also recorded. 

,, cv /The respite ; are, illustrated in. Figure 2. As expected, the hydrolysis was base catalyzed. In pH 7.4 buffer 
..^...^St".^ of its w ighf in 10 dayS. ln 'a oil'jM^NaOKFIsblutfdn at 37* C 9 th 

t^Kna^^SS^^f^k xSebom po^'ed irt less than "one w^ek. s:: - : - v ' ; r 1 v ~ '~'~' s 
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COMPARISON OF NON-PENDANT DRUG RELEASE RATES FROM BPA POLYMERS 



Polyphosphate esters) with a bisphenol A backbone and different side chains were prepared as 
described -in , kxampfe 4 and compared Jn terms of their in vitro release, of. difterent .drugs. 
: - ^ r !n v ,^ fjrst* experimen♦: : >o^psitkms , of BPA-PP, BPA-POP. r BPA-tQR^ Incorporating 

;portispfle orjidocaine were compared, . ... e , 

Drugs were incorporated into the matrix by compression molding. The polymer was'qround and sieved 
into a particle size range below 90 microns. Drugs were sieved to the same particle size range and blended 
in a Vortex mixer with the polymer powder. The mixture was pressed into a disc (10 mm x 2 mm) through a 
mold, at a pressure of 150 Kpsi and room temperature for 10 min. Such a high molding pressure is useful 
in forming a compact matrix for desirable sustain^ release. The molds were specifically made with carbon 
and heat treated plungers to withstand the high pressure. The polyphosphate ester)-drug conjugates are 
similarly molded for implantation. 

A solvent evaporation technique was used to prepare the microspheres. A solution of 2 g of polymer 
and 0.4 g of drug in 20 ml ot methylene chloride was,prepared.blhe mixture was emulsified in 150 ml of 
water containing 0.5 wt % of polyvinyl alcohol) in a homogenizer. The methylene chloride in the emulsion 
was evaporated over a period of one hour at room temperature at a reduced pressure of 40 mm Hg. The 
-microspheres thus obtained, were. qfcickfy^ washed with cold water and filtered. After drying, the micro- 
spheres were sieved to a narrow size fraction before use. This technique can be used to encapsulate, for 
example, such organic substances as sucrose and nerve growth factor. 

Release experiments were conducted in a 0JM pH 7.4 phosphate buffer containing 0.02 wt % of 
gentamicin sulfate to inhibit bacterial growth. The drug-loaded matrices were placed in 10 ml of buffer in 20 
ml vials and incubated at 37 v C^Th^jreiease. kinetics were followed by measuring the concentrations of the 
buffer solutions by scintillation counting and high pressure liquid chromatography (HPLC). HPLC analysis 
was used to determine the degradation rate of the matrix and to check the chemical purity of the-drug. To 
approximate perfect sink conditions, the frequency of replacement of the buffer solutions wasradjusted 
during the course of the release study to ensure that the drug concentration in buffer was below 20% of its 
saturation value. In situations where the release rates are rapid (100 percent release in less than 2 days) 
and when dealing with microspheres, the experiment was conducted in a flow system. The matrices or the 
microspheres were placed irj a glass vial equipped with a glass filter and -Teflon stopcock in the bottom. A 
counter-gravitational flow of 0.1 M pH 7.4 phosphate buffer was passed through the sample at a rate of 0.5 
ml/min. Both the buff Sr reservoir and the release vessel were immersed- ih ? a 37* C bath. The eluent was 
collected every hour and subjected to chromatographic and spectrophotometry analyses. ^ 

The release kinetics are shown for cortisone in Figure 3. The data indicate that the release~rate was 
dependent on the chemicab structure of the side chain (R). This is the Jir^rstudy which demonstrates 
systematically that the variation of the side chain of a biodegradable polymer can control the release rates. 
The EOP and EP side chains generally give faster release rates because they are less hydrophobic than 
the POP and PP structures. Noteworthy is the constant release of cortlsdne frcjrn the polymers. 

In a second experiment, thl release kinetics of various non-pendant drugs' were measured for BPA-EOP 
derived matrix compositions. As shown in Figure 5, all four drugs were release in intact form from th 
polymer as determined by HPLC. These release profiles show that, hi general, drugs of higher water 
solubility have higher release rates. v ^ J- 



y J ^^ ^-- ' PRg^RATION OF PEN D ANj ! 5-FLUOROU R ACIL OOMPOS i^ 

A° mixture, of ' Vfu, j^mmpje) and, U ]i ;.3^3.3-hexamethy^ (3b,!h^) r ;wW^ heated at reflux 

temperature for 20 hours in the presence, of a catalytic amount^ deriyatize 5-FU. 

Evaporation of the mixture under reduced pressure resulted in the' formation of 2 f ,4ibis^-trirhethylsilyl-5- 
fluorouracil. To obtain the final polymer-drug conjugate, the chlorinated polyphosphate ester) (5g) in 
methylene chloride (20 ml) was r acted with the,5-FU derivativ in the presence of a stoichiometric amount 
of pyridine. After stirring for 18 hours at Voom temperature. 15 ml of methanol was added. After evaporation 
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of the solvent the residue was redissolveb in dimethyl formamide and repeatedly precipitated into acetone. 
Unking of iodoami no purine (IAP) to the polymer can be achieved in a similar manner by taking advantage 
of the facile reaction between the primary amin of the drug and the chlorine in the side chain of the 
polymer. ,.. r . 

In, the, /h vitro release studies (as in Example 5), a sustained release of 5-FU, was observed for at least 
7 days and chemical int grity of the 5-FU was confirmed by HPLC. TKis rel ase rate \s fair, 'superior to 
similar studies with 5-FU pendently attached to a polyhydride carrier where nearly cofripYete release 
occurred after only 2 days. 

Claims -rr_ ^- 

1. A polymer represented by the formula; 



is 



- ( -fl-0-R'-0-) n - 



20 



25 



wherein n ranges from about 10 to about 10 s , R'ls a therapeutic agent, and R is selected from the group 
consisting of: 

.... -J- £ 0:;LC' : :-.ri r ** ...T£- l T yj bf.; ,'0; vf Q - . .. 



30 



35 



40 




45 



wherein Ri is alky I; halogen, nitro. hydroxy!, amino, carboxyl, alkoxy. or combinations thereof, R2 is oxygen 
or N-CH3 and a ranges from 2 to 6, b ranges from 10 to 100. d ranges from 2 to 16. f ranges from 1 to 6, 
and m ranges from 1 to 2. , ' " '■ , * 

2. A. polymer represented, b^r the formula?/' s i\ . : « / 



-(-?-o-R'-o-) n - 



50 



55 



wherein n ranges* from about 10 tcT about 10 s , 'TV is a therapeutic agent ■ arid c Rjs selected from the group 
consisting of: K " * " 

-NH-Rt , -S-Ri. 

•O-C -Ri . 
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5 . . wherein RtValk'yl, hatogift? rtjtro^Hydrpkyl, amino, carboxyl, alko*y i; .or combinations thereof; 



-H, Ct, -O-R3 t - 



70 




or 




and p ranges from 1to 16. 
f5 3. A polymer represented by the formula 



O ? 

-<-f-0-R'-0-) ft - 




wherein n = 10 to 10 s , and both R and r' are therapeutic agents. 

4. The polymer of claim 3, wherein R is a first therapeutic agent and r' is a second therapeutic agent. 

5. The polymerias In any of claims -1-3, wherein said therapeutic agent is selected from the group 
consisting of one or :-more > of' the following: a dru^/a radioisotope, a biological response modifier, a lectin, or 
mixtures thereof. 

6. A polymer represented by. the formula: ; - . * .,\ -t 

- J ^ 4 " * ; ' ^••Jj 

-{-|-G-R'-0-) a - 

wherein n ranges from'aboiit lb . to aidfauflO 5 . r' i^sele^ted from tr.e group consisting of: 




-O C -R, 
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IS 



E? 9,386 7S7A2 

-0C p H2p ♦ i -C p H 2p ♦ i 

...... 

-H, -CI. -O-Ra ^ V J / f l .... 

wherein Ri is alkyl. halogen, nitro, hydroxyl. amina,/carboxy!.'alkbxy;'or combinations thereof. R2 is oxygen 
or N-CH3. % 
R3 is 





or xv ^ 



and a ranges from 2 to 6. b Vang£$ : .frorh 10 to. 100. d ranges >froro 2 to 16. i ; ranges from 1 to 6. m ranges 
from 1 to 2. and p ranges from 1 to 1 6: e 1 ^ ■ • * " s * 

7. A therapeutic agent delivery vehicle containing a therapeutically effective amount of a therapeutic 
20 agent useful in achieving a medical effect, the vehicle comprising the polymer as in any of claims 1-3. 

8. A compositions -useful in providing transient structural prosthesis: *the 'composition comprising the 
polymer of claim f 6. (T / • 1 ° : : - ' " " 4 - 3 ,r 0 r . - u bn« .;-:.") 

9. The compbsitibn of claim- 8. further comprising ^ 'therapeutically e amount of a therapeutic 
agent. 

25 1 0. A composition useful in providing transient structural prosthesis containing a therapeutically effective 
amount of a therapeutic agent useful in achieving a medical effect, the compositions comprising the 
polymer as in any of claims 1-3. 

11. The polymer as in any of claim 1-3 for use in a method of achieving a medical effect which 
comprises administering to an individual a composition containing a therapeutically effective amount of a 

30 therapeutic agent, wherein said composition comprises said polymer. >: 

12. A polymer for use in the method of claim 11, wherein said medical bffect is selected frorn the group 
consisting of chemotherapy, antibiotic therapy, birth control and metabolic regulation. ' ;, y ; 

13. A polymer for use in the method of claim 1 1 , whereih c saiid thers^eJutic ^tgent is selected from the 
group consisting of one or more of the following: a dfug. !r a/^iois6topef; k biblogibaf response modifier, a 

35 lectin, or mixtures thereof. v ^ v ~ /n ~ ^^ ir ' f - 

1 4. The polymer of claim 6 for use in a method of providing transient structural support to an individual 
which comprises administering to said individual a transient structural prosthesis composition, wherein said 
composition comprises said polymer. ' ' ^ 

15. A polymer for use in the method of clairn 14, wherein said prosthesis is selected from the group 
40 consisting of a bone plate, a suture and a clamp. <y 



1 . A method for preparing o 



Claims for the following Contracting State: ES 

1 . A method for preparing 
45 a polymer represented by the formula: 

50 

whereirv r ri ! rkh^fe$ from abdut 10' to about 10 s , R^s'a therapeutic agent, and R' is selected from the group 
consisting of: - x. 

55 , - 
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-0-<C3,) d 



70 



T5 




wherein ,Ri .is aJkvl,? halogen ; ; nitro. hydroxy!, amino, carbpxy^afkoxy, orxombinatipns thereof, R 2 is oxygen 
or N-CH 3 and a ranges from 2 to 6, b ranges from 10to 100. d ranges from £to 16. f ranges from 1 to 6, 
and rn ranges from 1 to 2. vvh1c^.compri b se$-rBaG.ting a ^compounds of the fpr/nuiji :r 



25 - - :i 



O I- ombh 



- * ci-P-'Cl 

t 

*t''> ; -~: ' ... .;:» -i^qrnoo .ic.-.ti'c' ."-rr 



quo 



. . t ; : with a comound of the fprmu!a ; ... ■ s „ . . ^ - 

r-r> ^herein R aod^^©^ . .... v. - ., r ~ * > 

35 a polymer represented by the formula: " ....... 



i rtf iw .no- - ^ > t.- i; ; ,-, i .->_ ( _fti 0 LRX_o-) II -- i ; i y " ; ' 



40 



wherein n ranges from about 10 to about 10 s , R # is a therapeutic agent, and R is selected from the group 

consisting of: r fs^c £ 

-NH-Ri . -S-Ri . 
O 

45 -O-C-Ri h " 
-OC p H2p t i -CpH2 P ♦ t t 



SO 



-H,V-a.-(>R3 wherein. Rt is aikyiv halogen, .nitron hydroxy.1. amino. carboxyl,,alUox;^ ; pr ( co^ thereof. 

R 3 is . ' ^ i ' :j ' -r-c. . 



55 




or 
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and p ranges from 1 to 16. 

3. The method of claim 1 for preparing 

a polymer represented by the formula: ; ~ \ 

8 

10 wherein n = 10 to 10 s , and both R and R' are therapeutic agents. 

4. The method of claim 1 for preparing the polymer of claim 3. wherein R is a first therapeutic agent 
and R is a second therapeutic agent. 

5. The method of claim 1 for preparing the polymer as in any of claims 1-3, wherein said therapeutic 
agent is selected from the group consisting of one or more of the following: a drug, a radioisotope, a 

J5 biological response modifier, a lectin, or mixtures thereof. 

6. The method of claim 1 for preparing 
a polymer represented by the formula: 

ft 

wherein n ranges from about 10 to about 10 s , R' is selected from the group consisting of: 

25 

45 R is selected from the group consisting of: 

-IMH-Ri , -S-Ri. 
O 

-O-C -R, 

-OC p H2 P+1 -CpHgp*^ 

so 

-O-CBg-CH-tra, 

CQyB 




55 -H, -CI, -O-R3 wherein R t is alkyl, halogen, nitro, hydroxyl. amino, carboxyl. atkoxy, or combinations thereof, 
R2 is oxyg n or N-CH 3f 
Ra is 
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and a ranges from 2 to 6, b ranges from 10 to 1Q0. d ranges from 2 to 16, f ranges from 1 to 6. m ranges 
from 1 to 2 t and p ranges from 1 to 16. 

.-IS , Oi-' ■; b.-iO:. f: >, ' 1 
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25 
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IN VITRO RELEASE OF MODEL COMPOUNDS FROM 
P0LY( 2-0X0-1. 3. 2-DI0XAPH0SPHITE) 
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DEGRADATION RATES OK. POLY( PHOSPHATE ESTERS) 
| IN pH 12 PHOSPHATE BUr^ER,, * 
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